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I. INTRODUCTION 

In quark-diquark models, baryons are assumed to be composed of a constituent quark, q, and a constituent diquark, 
[3,1. The effective degree of freedom of diquark, introduced by Gell-Mann in his original paper on quarks Q, 
has been used in a large number of studi^ from one-gluon exchange to lattice QCD calculations [Ml and, more 
recently, also in tetraquark spectroscopy [l^ [Tg ■ 

Up to an energy of 2 GeV, the diquark can be described as two correlated quarks with no internal spatial excitations 
[ITI Il8l |. Then, its color-spin-flavor wave function must be antisymmetric. Moreover, as we consider here only light 
baryons, made up of u, d, s quarks, the internal group is restricted to SUgf(6). If we denote spin by its value, flavor 
and color by the dimension of the representation, the quark has spin S 2 = ^, flavor F 2 = 3, and color C 2 = 3. The 
diquark must transform as 3 under SUc(3), hadrons being color singlets. Then, one only has the symmetric SUg£(6) 
representation 21g£(S), containing si = 0, Fi = 3, and si = 1, Fi = 6, i.e., the scalar and axial-vector diquarks, 
respectively 0, If indicate the possible diquark states by their constituent quark content in square (scalar 
diquarks) or brace brackets (axial-vector diquarks), then the possible scalar diquark configurations are [n,n] and [n, s] 
(where s is a strange quark, while n = u,d) , while the possible axial-vector diquark conhgurations are {n, n}, {n, s} 
and {s, s} 

In this contribution, we discuss the relativistic interacting quark-diquark model of Refs. [T3 - [^ . which is a potential 
model for strange and nonstrange baryon spectroscopy constructed within the point form formalism |22 h 24| . In our 
model, baryon resonances are described as two-body quark-diquark bound states, thus the relative motion between 
the two constituents and the Hamiltonian of the model are functions of the relative coordinate r and its conjugate 
momentum q. The Hamiltonian contains a Coulomb plus linear confining interaction and an exchange one, depending 
on the spins and isospins of the quark and the diquark. The strange and nonstrange spectra are computed and the 
results compared to the existing experimental data [ 2 ^. 


II. THE MASS OPERATOR 

We consider a quark-diquark system, where r and q are the relative coordinate between the two constituents and 
its conjugate momentum, respectively. The baryon rest frame mass operator we consider is 

M = Flo + \/g ^ + TO? + \/g ^ -I- -Wdir(^) ni 

+ Mex(r) ’ 

where Eq is a constant, and Mexif) respectively the direct and the exchange diquark-quark interaction, mi 

and m 2 stand for diquark and quark masses, where mi is either m[g^g] or m^g^gy according if the mass operator acts 
on a scalar or axial-vector diquark. The direct term we consider, 

^dirW = -^(l-e-^’-)+^^ : (2) 

is the sum of a Coulomb-like interaction with a cut off plus a linear confinement term. We also have an exchange 
interaction, since this is the crucial ingredient of a quark-diquark description of baryons [l3, ■ In the nonstrange 
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sector we have [3 [13 


Mex{r) = (-1)'^^^ e [As si • S 2 

+ Al ti ■t2+ Asi Si • S2 • t2] 


( 3 ) 


where s and t are the spin and the isospin operators, while for strange baryons we consider a Giirsey-Radicati inspired 
interaction [2l|,[23- In the nonstrange sector, we also have a contact interaction 


M, 


cont 


/ mim2 \ 

V EiE2 ) 

( mirra2 A 

V E^E2 ) 


1/2+e 
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1/2+e 


(4) 


introduced in the mass operator of Ref. to reproduce the A — N mass splitting. 


III. RESULTS AND DISCUSSION 

In this section, we show our results for the non-strange baryon spectrum from Ref. [l^. See Fig. [TJ 
While the values of the diquarks masses m„, m[„ and almost coincide in the ’’strange” and ’’nonstrange” fits 

[mill, there is a certain difference between the values of a few model parameters used in the two fits. This is especially 
evident in the case of the exchange potential parameters, As and A/. This difference is due to the substitution of the 
spin-isospin term in the exchange potential with the SU{3) flavor-dependent, which also determines a change in the 
values of the spin and isospin. As and A/, parameters. Moreover, and most important, some parameters are present 
in one fit and not in the other, such as the contact interaction ones, because the potential of Eq. o was introduced 
to reproduce the A — TV mass splitting, and thus it is inessential in the strange sector. It is also interesting to note 
that in our model A(1116) and A*(1520) are described as bound states of a scalar diquark [n, n] and a quark s, where 
the quark-diquark system is in S or P-wave, respectively [2l|. This is in accordance with the observations of Refs. 
[ 1,0 on A’s fragmentation functions, that the two resonances can be described as [n, n] — s systems. 



FIG. 1: Comparison between the calculated masses (black lines) of the 3* and 4* N and A resonances (up to 2 GeV) and the 
experimental masses from PDG [1^ (blue boxes). 

It is interesting to compare the present results to those of the main three-quark quark models [Isl - ll^ . It is clear 
that a larger number of experiments and analyses, looking for missing resonances, are necessary because many aspects 
of hadron spectroscopy are still unclear • 

The present work can be expanded to include charmed and/or bottomed baryons [s^, which can be quite interesting 
in light of the recent experimental effort to study the properties of heavy hadrons. 
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